Changji is an arid city in the north west of China which suffers from severe air pollution due to increasing vehicle use and heating with coal. Samples (TSP, PM10, PM5, PM2.5) were collected before and after several snow events, for revealing the snow scavenging effect and influencing mechanisms. The result indicated that the snow scavenging effect was obvious. The highest snow scavenging quantity and scavenging ratio is TSP, followed by PM10, PM5 and PM2.5. Snow scavenging quantity was dependent on the particulate diameter. Snow intensity, drying time and amount of snow influenced scavenging ratio, and snow intensity is the key influencing factor. Scavenging ratio increases with the increase of snow intensity. Higher snow intensity can reduce the selective scavenging of particulate diameters, the scavenging ratio of different particulate diameter will get close to each other. The lower snow intensity was, the higher selectivity was. Light snow will scavenge large particles obviously, but little for small particle.
Introduction
Total suspended particles (TSP) refers to particles with diameter <100 µm which is an archaic regulatory measurement of mass concentration of particulate matter (PM) in community air. Particulate matter is microscopic solid or liquid particles suspended in the Earth's atmosphere, such as dust, pollen, soot, smoke, and liquid droplets. PM2.5, PM5 and PM10 refer to particles with diameter <2.5 µm, 5 µm and 10 µm, respectively. Particulate Matter is one of the most important atmospheric pollutants. PM can easily enrich a variety of chemical substances, such as toxic heavy metals, acidic oxides, organic pollutants, and other toxic substances like bacteria, viruses, and so on, then cause a variety of chronic or unexpected diseases such as respiratory diseases, hypertension, arteriosclerosis, heart disease, and even resulting in death (Chen et al., 2013; Freije, 2015; Gunawardena et al., 2013; Lee and Park, 2010; Singh et al., 2010) . Particulate pollution is the leading cause of urban air pollution in China. The synergy of PM and the composition of PM may lead to more severe synergistic toxicological effects (Vijayanand et al., 2008) . In recent years, the urban environmental air quality is getting worse, atmospheric particulate matter has become an important research topic (Francová et al., 2016) .
Atmospheric particulate pollution is influenced by meteorological conditions. In the circumstances of stable distribution of pollution source and steady emission of pollutant, the concentration of atmospheric particles mainly depends on the transportation and diffusion of particles in various meteorological conditions (Hu et al., 2012; Lima et al., 2014; Liu et al., 2011; Mamtimin et al., 2011; Schleicher et al., 2011; Valiulis et al., 2002) . Dry and wet deposition reduces the long-term accumulation of pollutants in the air, then transfer the pollutants to the urban surface (Grantz et al., 2003; Liu et al., 2015) . Scavenging is a purified process. Some studies found that the precipitation can scavenge atmospheric particulates obviously. Snow can effectively remove gaseous and particulate pollutants from air (Marusczak et al., 2011; Nazarenko et al., 2017; Shan et al., 2015; Taniyasu et al., 2013; Wania et al., 1998) . Snowflakes have larger particlespecific surface, high porosity and slower fall velocity, they can enrich more pollutants than rain. The snowflake is considered to be a more effective scavenger than rain, too (Cereceda-Balic et al., 2012; Francová et al., 2016; Nazarenko et al., 2017) . Snow has been proved to be the most relevant indicator of tracing metals and other types of environmental pollutants. Combining snow with PM10 can also provide very useful information for today's pollution assessment (Francová et al., 2016) .
Precipitation has a certain effect to scavenge the PM in atmosphere. Most of the studies on scavenging of particulate pollutants are affected by rain (Chate, 2005; Melaku et al., 2008; Liu et al., 2015) . A study in Beijing (China) found that the four PMs decreased 80% after the snow event and snow has certain effect for four PMs (Guo et al., 2013) . And the study in Logan (USA) also found that snow can effectively monitored the concentration of four PMs (Malek et al., 2006) . The study of scavenging mechanism of particulate pollutants by snow is limitedly reported (Nazarenko et al., 2017) . Building on that background, the effect and influencing mechanisms of scavenging of atmospheric particulates by snow were analyzed in Changji (Xinjiang, Northwest in China), the snow ordinal represents each snow event. It is of great scientific significance to carry out this study in prevention and control of urban air pollution and ecological environment protection.
Materials and methods

Sampling site
The measurement campaign took place in Changji, the capital of Xinjiang Uygur Autonomous Region, China, which is a satellite city of Urumqi located on the north slope of the Tianshan Mountains, with a population of 420 thousand. It has a typical continental arid climate. The annual precipitation is only about 183 to 200 mm. The main form of precipitation is snow in winter. The sampling sites were located on the roof of No.4 apartment of Changji College North Campus in Beijing North Road, 12 meters above the ground. The sampling area is near the city centre. Changji has experienced rapid economic growth in recent years. Increasing vehicle use, urban expansion, and heating with coal have resulted in increasing pollutant emissions and degrading air quality. These factors are placing unprecedented pressures on the urban ecological environment.
Experimental method
The sampling period is winter, from November 2016 to March 2017. There are many factors affecting the scavenging of atmospheric particles, such as wind speed, precipitation and so on. This study focuses on the impact of the scavenging of atmospheric particulate matter by snow. Therefore, we only collect samples in gentle breeze days (12-19 km/h), and on the date when the wind speed and wind direction keep steady. Seven typical snow events were selected according to the snow pattern. In sampling period, the sampler was powered off suddenly in December 12 th 2017. Therefore we abandon the date of December 12 th 2017, this study is aimed at analyzing the other 7 snow events.
Three Laoying 2030 medium flow rate intelligent TSP samplers (Laoying Institute), a PALL water purification system (Pall, Port Washington, NY, USA) and an electric heating air-blowing drier were used. Samples (TSP, PM10, PM5, PM2.5) were collected before and after each snow event. Each sample of PM2.5, PM5, PM10 and TSP was continuously collected on a glass fiber filter for 24 h using a medium flow rate intelligent TSP sampler at an approximately flow rate of 0.1 m 3 min -1 . Weather data (atmospheric pressure, relative humidity, temperature, wind speed, and wind direction) were recorded during the sampling period; the length of drying time was counted, and the snow characteristics such as snowfall, snow intensity and snow duration were monitored with Changji Meteorological Observatory. Samples were collected on a glass fiber filter with of 90 mm diameter and 0.65 μm aperture. The filters were put into dry dish for 48 h and weighed before and after sampling. The concentration of atmospheric particulate can be calculated by, =− 9 10 C (W W )*10 / (Q *t)
(1)
Where C is the concentration of atmospheric particulate (μg/m 3 ), W0 and W1 is the quality of the filter before and after the snow, respectively (μg), Q is sampling flow rate (m 3 /min), and t is time (min).
Results and discussion
Characteristics of sampling snow events
Snow types are identified from the announcement of Meteorological Administration which evaluates the snow types based on information on 24 h snow amount (L). Snow types are divided in light snow, moderate snow, heavy snow, and blizzard, the amount of which is L<2.5, 2.6<L<4.9, 5.0<L<9.9, and L>10, respectively. Consecutive days (2-3 days) of snow is normal in winter in Xinjiang. In this study, consecutive snow events, of which intervals were under 12 h, were defined as a snow event, for consecutive snow had a consecutive scavenging effect of atmospheric particulates. An hourly average snow intensity (HASI) to discuss snow scavenging effect of atmospheric particulates was calculated by using the information on total snow amount of a snow event (TSAASE) and total snow hours of a snow event (TSHASE), i.e., HASI(mm/h)=TSAASE(mm)/TSHASE(h). Characteristics of seven snow events were shown in Table 1 , the snow ordinal represents each snow event.
Variations of atmospheric particulates concentration before and after snow
The mean value, standard deviation and range (minimum and maximum, in brackets) of TSP, PM10, PM5, PM2.5 concentration before snow was 286. 31±70.22 (414.59-203.47 63 (207.73-56.25 ) μg/m 3 , respectively. By comparing the variation of atmospheric particulate matter before and after snow, it shows that the concentration of TSP, PM10, PM5, PM2.5 after snow were significantly lower than before, all results showed the same variation (Fig. 1) , which further improved that the effect of scavenging of kinds of atmospheric particulates by snow is obvious. These results agree with those of studies in Beijing (China) and Logan (Kentucky, USA), the four PMs decreased a lot after the snow event in Beijing and Logan (Guo et al., 2013; Malek et al., 2006) . 
Scavenging quantity and scavenging ratio of PM by snow
In order to discuss scavenging effect of atmospheric particulates by snow deeply, snow scavenging quantity and scavenging ratio were given. They can be expressed by (Pan et al., 2012; Ye et al., 2010) ,
Where M and P is snow scavenging quantity (μg) and scavenging ratio, respectively. C1 and C2 is the concentration of atmospheric particulate before and after snow, respectively (μg/m 3 ). V is the volume of atmosphere (m 3 ). V in this study was taken as 1 m 3 . Fig. 2) . The variations of scavenging quantity of PM in the other five snow events were all consistent with the main scavenging sequence. The pattern of seven snow events such as snow amount, snow intensity, drying time and relative humidity were different from each other, but the variation of scavenging quantity of four PMs in seven snow events were similar. The larger atmospheric particulate was, the higher scavenging quantity was, and vice versa, which indicated that different types of snow had a similar effect of scavenging quantity. The results were similar with the blowing snow study in Antarctica, the blowing snow particles will collect the large ions much more efficiently than smaller ions (Kamra et al., 2009) .
The mean scavenging ratio and range (minimum and maximum, in brackets) of TSP, PM10, PM5, and PM2.5 by snow was 43.12 (29.93-72.86), 34.91 (10.00-73.61), 34.26 (8.48-78 .00) and 31.22 (2.56-80.10), respectively. In these snow events, the highest scavenging ratio of PM by snow was TSP, followed by PM10, PM5 and PM2.5, which was the same as the variation of the snow scavenging quantity. The smaller particle was, the lower scavenging ratio by snow was. However, in No.2, No.4, No.5 and No.6 snow events, the snow scavenging ratio for four kinds of PMs was similar, it is not consistent with the pattern of scavenging ratio ranking (Fig. 2) . 
Impact of variation of snow pattern on snow scavenging
The relationship between snow pattern and snow scavenging quantity & ratio
In a manner of speaking that there is relationship between snow pattern and snow scavenging (Pan et al., 2012) . The snow pattern of seven snow events are all different, we analyze the impact of snow pattern on snow scavenging in each of seven snow events.
The variation of scavenging quantity and scavenging ratio of PMs by snow were similar in No.1, No.3 and No.7 snow events. The larger particulate diameter was, the higher snow scavenging quantity and scavenging ratio were, and vice versa (Fig. 2 ). HASI was low (<0.37 mm/h) in No.1, No.3 and No.7 snow events, which indicted that snow scavenging was selective for particulate diameter in light snow event. In other word, in light snow event, the scavenging quantity and scavenging ratio of large particulates was higher, however the scavenging quantity and scavenging ratio of small particulates was lower (Kamra et al., 2009; Nazarenko et al., 2017) . Although the snow amount (3.7 mm/d) reached moderate snow in first day of No.1 snow event, the snow amount was very low in second and third day (1 mm/d and 0. No.4, No.5 and No.6 snow events were small, and variation of scavenging ratio of them were smaller (Fig. 2) .
The highest scavenging quantity and scavenging ratio of atmospheric particulates by snow was No.2 snow event in seven snow events. The drying time was 9 days, the accumulation of atmospheric particulates was very high (Fig. 2) . Atmospheric particulates were hardly scavenged by light snow (0.1 mm/d) in first day of No.2 snow event.
The particles were greatly scavenged by moderate snow (3.8 mm/d) with high HASI (snow intensity attained 2 mm/h at the last hour) in second day of No.2 snow event, it snowed for 4 hours. The scavenging process indicated that the highest scavenging quantity of PMs in No.2 snow event and the highest scavenging ratio of PMs in seven snow event were attribute to higher snow intensity (Yu et al., 2018) , so were the similar effect of snow scavenging of all PMs and the low selectivity. Longer drying time can lead to more atmospheric particulate accumulation, both of them may result in a high value of scavenging quantity or scavenging ratio.
The snow level reached heavy snow (6.1 mm/d) in first day of No.6 snow event and lasted 12 hours to midnight, then stopped for an hour, and light snow (0.7 mm/d) fell before dawn for 3 hours. The scavenging ratio of PMs in No.6 snow event was high due to the high snow intensity. And the high snow intensity also lead to little variation of scavenging ratio of particles with various diameters (Kamra et al., 2009) Generally speaking, the stronger snow intensity was, the higher scavenging ratio of atmospheric particulates was, and vice versa (Fig. 3) . Moreover, snow scavenging is selective about different PMs, it depend on snow intensity. The stronger snow intensity was, the lower selectivity was. Stronger snow intensity lead to similar variation of scavenging ratio of different diameters. On the contrary, the weaker snow intensity was, the higher selectivity was, which meant light snow scavenging of large particles was obvious but few for small particles.
Samples were collected in time, the samples can accurately reflect the variation of particles before and after the snow. However, atmospheric particulates accumulated during the sampling process, which may interfere with the effect of snow scavenging. In order to proof our results are reasonable, we will continue trial to verify for more snow events. A further study is needed to carry out. 
Conclusions
The snow scavenging effect on atmospheric particulate is obvious. In general, the highest snow scavenging quantity and scavenging ratio was TSP, followed by PM10, PM5 and PM2.5. The result indicate that snow can scavenge more large diameter particles but less small particles. The main influencing factors of scavenging ratio of PMs are snow intensity, drying time and snowfall, furthermore, snow intensity is crucial. Heavier snow intensity will increase scavenging ratio of PMs. Moreover, snow scavenging is selective about different PMs, it depend on snow intensity. The stronger snow intensity was, the lower selectivity was. Stronger snow intensity lead to similar variation of scavenging ratio of different diameters. On the contrary, the weaker snow intensity was, the higher selectivity was, which meant scavenging of large particles by light snow was obvious but few for small particles.
